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rl (54) Title: PROCESS FOR CONVERSION OF POLYVINYL BUTYRAL (PVB) SCRAP INTO PROCESSABLE PELLETS 

O (57) Abstract: The present invention relates to a polyvinylbutyi^ (PVB) composition that is useful fo^ 

The PVB composition of the present invention can be stored and used at ambient temperature without the occuixence of blocking by 
^ the PVB. 



TITLE 

PROCESS FOR CONVERSION OF POLYVINYL BUTYRAL 
(PVB) SCRAP INTO EROCESSABLE PELLETS 

This plication claims the benefit of U.S. Provisional Applicatioi 
No, 60/224,126, ffled August 10, 2000. 

BACKGROUND OF THTC Pm^NTION 
Fidd of the Inventfon 

This invention relates to a process for preparing pellets from 
polyvinyl butyral scrap materiaL This invention particularly relates to a 
process for preparing pellets of modified polyvinyl butyral usefid for 
preparing blended polyvinyl butyral contritions. 
Description of the Related Art 

Polyvinyl butyral (PVB) is a thermoplastic material usefiil for 
imparting shatter-resistance to ^s in sudi qjplications as windshields 
for automobiles and window glass in homes and buildings, for ejcample. 
The preparation of polyvinyl butyral is known, and is practiced 
commercially. For ejtan^le, Butacite® is a polyvinyl butyral product 
manufactured by DuPont Solatia also manufectures polyvinyl butyral 
products. 

PVB scrap can be generated during a PVB manufectuiing process, 
for exanq)le, if process enois occur that result in ofiF-quality production 
rolls or otherwise unusable materiaL In preparing windshields and other 
laminate articles comprising apolyvinyl butyral layer, glass manufectureis 
can generate PVB scr^e mataial whea trimming excess PVB fiom the 
edges of a glass laminate, or fiom production enois resulting in unusable 
products. Conventional practice is to indnetate PVB scrap material at a 
costtothemanufectnro:. This can be an expensive practice because 
millions of pounds of PVB scrap material are incinerated each year. 

It is known that PVB blends with otha- polymer materials have 
utiKty. For example, U.S. Patent No. 5,5 14,752 describes 
PVB/polypropylene blends, and U.S. Patent No. 5,770,654 describes 
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PVB/polyamide blends. PVB can improve the flexibility, polarity and 
toughness of polyolefins, polyamides, and polyvinylchloride. However, 
use of PVB in polymer blends is not without problems. 

PVB is a material that can be difficult to work with because of the 

5 tendency of PVB to adhere to itself. Sheets of PVB can stick together, or 

bind, with such strrngth that it is very difBcult to separate the layers - even 
to the extent that the layers cannot be separated Such irreversible self- 
adhesion by PVB is refetred to in the art of PVB manu&ctore as 
'•blocking" Once PVB *T>locks", it can be extremely difficult, if not 

10 impossible, to process. PVB is generally stored cold to reduce the 

tendency to block. Refiigerated vehicles are used to ship PVB for the 
same reason. The tendency to block can make manufacturing processes 
that incoipomte PVB very complex and difficult Continuous processes 
that in which PVB is handled can be very e3q>eDsiv6 processes to run, and 

1 5 therefore are not practical connnercial operations. Blends of PVB with 

other materials can block in the same marmer as homogenous PVB 
compositions. Therefore, blends ofPVBwifli other polymers can be 
difficult to obtain in a cost effective manner. 

It is an object of the present invention to reduce the amount of 

20 polyvinylbutyral scrap that is sent for incineration- It is a also an object of 

the present invention to convCTt polyvinylbutyral scrap material into a 
processable form. It is further an object of the present invention to convert 
polyvinylbutyral scrap material into pellets, useful for preparing 
P VB/polymer blends. It is still a further object of the present invention to 

25 convert polyvinylbutyral scrap material into ccmmierciaUyusef^ 

blends. 

SUMMARY OF THE INVENTION 
Ihe present rnvention is a non-blocking chemically modified 
polyvin^utyral (PVB) composition coziq>iising a chraiically modified 
30 PVB, wherein the modified PVB is the reaction product of unrdodified 

polyvinylbutyral, having hydroxyl functionality, and a second component 
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or mixtare, wherem the second component reacts with at least a portion of 
the hydioxyl fimctionality of the PVB. 

In another aspect, the present invention is a process for converting 
polyvinylbutyral (PVB) into pellet form, wherein the peUets do not 
become irreversibly joined, the process comprising the steps: obtaining a 
modified PVB composition by mixing PVB and a second component 
under conditions suitable to cause a reaclion between PVB and the second 
component, wherein the second con:q)onent can chemically react with 
hydroxyl functionality preset in a PVB polymer; converting flie modified 
PVB composition into pellet form by physical or mechanical means at a 
tenq>erature of greater than at least 20**C. 

DETAILED DESCRIPTION OF THE INVENTION 

In one embodiment, the present invention is a modified non- 
blocking polyvinylbutyral (PVB) composition. UnmodifiedPVB is an 
uncrosslinked gum that flows and masses together, that is it blocks, 
typically at temperatures above about 4^C (^proximately 40^F). For this 
reason it is difficult to convert PVB into a blended material, particularly 
by a continuous process. Modified PVB of the present invention is free- 
flowing, without blocking (non-blocking) at temperatures above about 
4X, preferably at temperatures above about 20'*C, more preferably at 
ten^eratures above about 50°C, and most preferably temperatures above 
about 60°C, and can be useful in a continuous compounding operation to 
obtain other PVB blends. 

In the present invention, the term '*non-blocking materials" can 
include materials that can adhere to similar or identical compositions, but 
flie adhesion can be overcome with varying degrees offeree. For the 
purposes of the present invention, a composition can: (a) be completely 
non-adhesive, i.e. showing no tendency to self-adhere; (b) show slight, 
medium, or strong adhesion wherein polymeric pieces can be separated 
fiom one another but only with some degree of force; or (c) show 
irreversible adhesion wherein the polymer pieces caimot be sq)arated even 
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with force. Non-bloddng compositions of the present invention, include 
only coDopositions of types (a) and/or (b), hereinabove. 

Without being bound by theory, non-blocking PVB compositions 
of the present invention have some measure of crystallinity. Modification 

5 of PVB can be by physical blmdiug or by chemical modification. It is 

preferred for the purposes of the present invention that PVB be chemically 
modified to add OTstallinity by covalentiy bonding to a second 
conq)onent. Modification of PVB in tiiis manner can result in physical 
compatibility in blends of PVB with a second component PVB has 

1 0 hydroxy! fimctionality, and can react with chemical compositions having 

fimctionality cs^able of reacting with hydroxyl groiq>s. Chemical 
modification, can occur when the PVB resin is reacted with a second 
component The second component can be any polymer that is cs^able of 
reacting with the hydroxyl functionality of the PVB. For example, the 

15 second conq)onent can include carboxylic acid fimctionality or derivatives 

thereof. Such derivatives can include ester, anhydride, isocyanate, or acid 
chloride fimctionality, for example. Multicomponent mixtures of various 
hydroxyl-reactive fimctionalities can be usefiil in the practice of tiie 
present invmtion. 

20 The second component can be monomCTic, polymeric, or a mixed 

composition. Preferably the second component is a polymer composition 
that includes anhydride fimctionality, such as is available commercially 
firom E. L DuPont de Nemours and Company under the Fusabond® brand 
name, or carboxylic acid fimctionality. Fusabond® polymers are 

25 polyolefins having anhydride fimctionality. 

Jn another embodiment, tiie present invention is a process for 
obtaining a pelletized, non-blocking PVB composition, the composition 
bemg usefiil in a continuous compounding operation, such as one wherem 
the modified PVB can be continuously compounded witii other polymmc 

30 materials. The process conq>rises the step: mixing polyvinylbutyral with a 

second component under conditions wherein a chemical reaction will 
occur between the xmmodified PVB and the second coniponent Such 
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conditions conducive for carrying ont a chemical reaction can comprise 
the steps: (1) exposing Ihe PVB and second component or mixture to a 
temperature smch that a melt blend (melt) is obtained; (2) cooling the melt 
to obtain a solid conq)osition of chemically modified PVB; and (3) 
pelletizing the soUd conqjosition. The PVB and second component can be 
mixed in a ratio of from about 1:100 to about 100:1 PVB:second 
conrponent (parts per hundred parts, by weight). Preferably, the PVB and 
second component are mixed at a ratio of fix)m about 5:1 to about 100:1, 
more preferably at a ratio of from about 10:1 to about 50:1, and most 
preferably from about 10:1 to about 25:1. 

A melt blemi of Ihe preceding paragrs5)h can be obtained by 
heating the PVB mixture at a temperature of from about 1 OO^C to about 
260°C. Prefisrably, the blend is obtained at a taiq)erature of from about 
120°C to about 255°. Most preferably, the melt Wend is obtained at a 
temperature of from about 150°C to about 250°C. 

An antioxidant is not required, however one is preferred. If 
included, flie antioxidant can be present m an amount of at least about 
0.1%bywei^ 

A modified-PVB con^sitian of the present invention is non- 
bloddng above a temperature of about 20''C. Particularly, a modified 
PVB COT^sition is nan-bloddng above a temperature of about SCC, 
more particulariy above a tenq>eratarB of about 60°C. and even more 
particularly above 75**C. 

In anotha- embodiment, flie present invoition is a process for 
preparing a blend of modified PVB with at least one other non-reactive 
polymer. For exan5>le, modified PVB can be blended with polypropylene, 
polyvinylchoride, nylon, olefinic copolymers such as acid copolymers, 
ofter fliermoplastic materials, or mixtures thereof PVB blends of the 
present invention can include a con^ahTjilizer, which can make the 
modified PVB compatible wilh other conq>onents of the blend. The 
conqjatibilizer can be Fusabond®, for example. Blends of modified PVB 
can be obtained by either a batch process or a continuous process. 
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Polymer blends of modified PVB can be obtained in a continuous process 
by ejctrusion of pellets of modified PVB with, for example, polypropylene. 
Alternatively, blends of the present invention can be obtained by a batch 
process, using a mixer. 

5 Modified PVB can be extruded in either a single screw extrude or 

a twin SCTew extruder, at temperatures in the range of fi:om about 75°C to 
about 250*^0. Modified PVB pellets can be obtained &om extruded 
modified PVB, and can be blended with other thermoplastic polymers or 
copolymers by any means known in the art of preparing polymer blends. 

10 For example, blends can be obtained by extrusion, grinding, melt- 

blending, crushing, or oih&c means of physically blending polymers. 

Objects or articles conq[)rising polymers of the present invention 
can be prq)ared fit>m the polymers and polym^ blends of the present 
hivention by methods know to those skilled in the ait. 

15 

EXAMPLES 

The Examples are presented for illustrative pinposes only, and not 
intended to limit the scope of the present invention in any way. PVB used 
in the Examples was recycled fi:om windshield edge trim. 

20 Examples 1-4 

Four samples (A3>C and D) of PVB/Fusabond mixture were 
prepared according to the following procedure, using the amounts shown 
in Table 1, below. 

PVB, Fusabond® A MG-423D (ethylene/alkyl acrylate/CO 

25 copolymer that has been modified with 1% maleic anhydride graft) or 

Fusabond® P MD3S3D (polypropylene with 1.4% maleic anhydride 
graft), and Irgonox® 1010 were mixed at 230''C m a laboratory batch 
mixer until a homogeneous melt blend was obtained. The melt was 
removed and cooled quickly in dry ice. The mixture was dried in a 

30 vacuum oven at ambient temperature. The M.L was determined at 190**C 

of 2160 grams. Shore A/D Hardness values were determined at 0 and IS 
seconds. 
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10 



15 



20 







Shore Hardness 












fO sec/15sec^ 


CoDiDonfizit (mh\ 


Saiq>le' 


Melt 
Index 


A 


D 


PVB 


F 


Irganox 
1010 


A(Ex.) 


1.9 


8270 


56/24 


100.0 


5.0 


1.0 


B(Ex.) 


0.7 


84/74 


56y^6 


100.0 


10 


1.0 


C(Ex.) 


2.0 


81/69 


56/23 


100.0 


5.0 


1.0 


D(Ex.) 


0.3 


84/74 


56/25 


100.0 


10.0 


1.0 


Cmitiol® 

"Fusabonddb. Sai 


3.1 


72/56 


51/16 


100.0 


0 


0 



©Mirf Ml Mri^J^/^^v . * «-uu /V aan^ies ana D include Fusabond® P MD-353D. 

''Not an exanipie of the present mventtOD. T^rpical values. j j*^. 

Examples 5-9 
Blocking Test 

l/ie^'xS'W plaques of each Sample were pressed at 190^C as was 
aPVBcontroL The plaques were cut in haIf(to make 3x3 squares) and 
one half placed on top of the other and put on a metal tray lined with 
Teflon coated aluminum foil. A 45-gram weight was placed on the 
layers and a thin strip of fep fOm was placed underneath the wei^t to 
prevent sticking of the weight to the samples. The Samples were exposed 
to relative humidity of 50% at 23^ ovemi^t The foHowing results were 
obtained. 

San5)le A (Ex. 5) exhibited slight stickmg but was easily separated. 

Sanq)le B (Ex. 6) performed the same as A. 

Sample C(Ex.7) stuck slightly more than A, B, or D but was easily 

separated. 

Sample D (Ex. 8) gave the same result as Samples A and B. 

PVB control (Ex. 9) (100% PVB) could only be separated at the comers. 



25 



Examples 10 - 14 

Samples A, B, C, D, and a PVB control were prepared as above 
and then exposed to 38°C temperature in an air circulating oven on a^metal 
tray lined with Teflon® coated foil for 24 hours. The Samples were 
allowed to cool on metal tray, with weight in place, for a period of 30 
minutes. The following results were obtained. 
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10 



San5)les A (Ex. 10), B (Ex. 1 1), and C (Ex. 12) - the layers stuck together 
where the wei^t was in place. 

Sample D (Ex. 13) - the layers separated cleanly, hut with some resistance. 
PVB control (Ex. 14) - tiie layers completely self-adhered (blocked). 

Example IS 

San^le D was put through the above cooaditions exc^t that the 
temperature was raised to 44^. The same result was obtained as above for 
Sample D. 



Example 16-35 

Sanxpl^ G through K2 were prq>ar6d having the compositions 
shown in Table 2. The Samples we(reprq)ared usmg a Haake laboratory 
batch mixer. PVB, polypropylene (Pro£ax®) or higji daisity polyethylene, 

IS and Fusabond with Irgonox 1010 were mixed at 200^C until a 

homogeneous melt blend was obtained. The melt was removed and cooled 
quickly in dry ice. The mixture was dried in a vacuum oven at ambient 
temperature. The Control is unblended, immodified PVB sheet fiom 
recycled edge trim. The melt index was measured at 190°C, 2160 grams, 

20 and reported for each in Table 2. Shore A and D for each is reported in 

Table 2. Adhesion was tested as described hereinabove and the results are 
reported in Table 3. 
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10 



15 



20 







Shore Hardness 
(0sec/15sec) 


Cona 


Donent TddIi) 


Sample^ 


Melt 
Index 


A 


D 


PVB 






G(Ex. 16) 


4.4 


73/59 


47/19 


100 


2.5 


7.5 


H(Ex.l7) 


2.9 


63/52 


46/18 


100 


5.0 


5.0 


I (Ex. 18) 


3.1 


66/53 


46/18 


100 


7.5 


2.5 


J(Ex,19) 


L7 


75/61 


49/19 


100 


10 


0.0 


K(Ex,20) 


4.5 


80/69 


54/24 


100 


5.0 


10.0 


K2 (Ex. 20) 


3.1 


81/68 


49/22 


100 


5,0 


10.0* 


Control® 
'aB samples incl 


3.1 

ude 0.1 nbh ] 


72/56 

rcanoY(R) 1 01 A antii 


51/16 


100 


0 

t 


0 1 



-i^ui an cxan^ie ai inc preseni invention. Typicaj values. 
5 "f «= Fusabond®, all san^les except for K2 indode FussbaiM P MD 353D; K2 includes 
Fusabond® E MB496D whidi is hig^ density polyettiylene^.2% nateic anhydride graft 
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TP is polypropylene (Profex® 6323) winch is polypropg^ of mdt index 5.0. 
"KZ mchides hig^ density polyethylene, mdt index 14, instead of polyprapylene. 



Sample 


Adhesion after treatment 
@ Temperature (°C) 


Separation after treatment @ 
Tenroeratnre f°C) 




23 


38 


44 


23 


38 


44 


E(Ex.21) 


si 


St 




easily 


X 




F(Ex.22) 


si 


m 


m 


easily 


yes 


yes 


G(Ex.23) 


si 


si 


sl 


easily 


easily 


easily 


H(Ex.24) 


si 


si 


sl 


easily 


easily 


easily 


I (Ex. 25) 


si 


sl 


sl. 


easily 


easily 


easily 


J(Ex.26) 


si 


Sl 


sl 


easily 


easily 


easily 


K(Ex.27) 


none 


none 


none 


easily ■ 


easily 


easily 


K2(Ex.28) 


none 


Sl 


sl 


easily 


easily 


easily 


Control® 
^otanexamDle 


St 

of file on 


sent tnvmHfw 




X 







25 



none » no adhesion; si « sli^ adhesion; m = medium adhesion; st = Strang adhesion 
eadty » easity sqjarated; yes = separated wift c£fain X = «d not sqwrate 

Examples 36-44 

Samples L throu^ T were prepared having the compositioiis 
shown in Table 4. The San5>les were prq)ared using a Haake laboratory 
bateh mixer. PVB, Elvaloy® 441 (ethyleae/n-butyl acrylate/CO 
terpolymer available from Ei DuPont de Nemours and Company) with an 
MI of 10 or Elvaloy® 741 (efhjdeae/vinyl acetate/CO terpolymer available 
fiom EJ. DuPont de Nemours and Con5)any) with a MI of 35, and 
Fusabond® A with frgonox® 1()10 were mixed at lOO^'C until a 
homogeneous melt blend was obtained. The melt was removed and cooled 
quickly in dry ice. Themixturewasdriedina vacuum oven at ambient 
tenq)erature. The Control is unblended, unmodified PVB sheet from 
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recycled edge trim. The melt index was measured at 190^C, 2160 grams, 
and reported for each in Table 4. Shore A and D for each is reported in 
Table 4. Adhesion was tested as described hereinabove and the results are 
reported in Table 5. 



Table 4 







Shore Hardness 
(0 sec/15 sec) 


Coznpon^ (pph) 


Sample 


Melt 
Index 


A 


D 


PVB 


Fusabond® 
AMG-423D 


Elvaloy® 
441 


Irganox® 
1010 


N(E3l31) 


2.7 


76/60 


48/17 


100 


2.5 


7.5 


0.1 


0 (Ex. 32) 


3.5 


79/61 


53/17 


100 


5.0 


5.0 


0.1 


P (Ex. 33) 


2.9 


75/58 


51/18 


100 


7.5 


2.5 


0.1 


0(Ex.34) 


3.1 


79/63 


55/17 


100 


10 


0.0 


0.1 


R(Ex.35) 


1.8 


80/71 


54/24 


100 


5.0 


10.0 


0.1 


S(Ex.36) 


2.2 


80/67 


49/22 


100 


5.0 


5.0* 


0.1 


T(&c37) 


1.1 


86/72 


55/25 


100 


5.0 


10* 


0.1 


Control® 


3.1 


72/56 


51/16 


100 


0 


0 


0 


<3l4otaneacaxnpleoffhepreseotniventi^ Topical valiies. 

Table 5 






Adhesion after treatment @ 
Temperature C°C) 


Separation after treatment @ 
Temperature (°C) 




Sanople 


23 


38 


44 


23 


38 


44 


N 


si 


si 


si 


easily 


easily 


easfly 


0 


si 


si 


m 


easily 


easily 


yes 


P 


si 


m 


m 


easily 


yes 


yes 


Q 


si 


St 


St 


easily 


yes+ 


yes+ 


R 


none 


none 


none 


easily 


easily 


easily 


S 


none 


m 


m 


easfly 


yes 


yes 


T 


none 


none 


none 


easily 


easily 


easily 


Control® 


St 






X 







10 



15 



20 



none sno adhesion; si ^ slight adhesion; medhun adhesion; st » strong adhesion 
ea^ly B easily separated; yes » separated mft sHg^ effort; ye$f » sepai^ 



Examples 45 ~ 47 

2000 pounds each of pellet Samples 
(U - V) were obtained on a Banbury mixer operated at 1 77^*0 (SSO^'F) coupled 
with a single screw pelletizing extruder from the compositions shown in Table 6. 
Adhesion was tested as described hereinabove and none of the samples showed 
any self-adhesion. 
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ConiDonent^oDW 


Sanple 

■ 

'Fusabondd 


Melt 

5.2 
3.6 
1.4 


ShoreA 
Hflrdness 
(init/lSsecl 
75/63 
78/66 
84/74 
3D 


PVB 

100 
100 
100 


F-P* 

5.0 
5.0 
0.0 


0.0 
0.0 
5.0 


441 

0.0 
0.0 
10 


Profex® 

6323* 
10 
5.0 
0.0 


Irganox® 
1010 

0.1 
0.1 
0.1 



' No adhesion observed. 
5 ^«5 

Examples 48, 50, and 52 

In these examples. Sample U was peUet-blended willi polypropylene in the 
proportions indicated in Table 7, and fed as a single stre 
10 screw extruder. San5)les U3 and U4 included calcium carbonate filler. Physical 
properties were tested and the results recorded in Table 7 and 8 . 

Examples 49, 51, and 53 

In these examples. Sample V was peDet-blended with polypropylene in the 
15 Proportions indicated in Table 7, and fed as a single stream m^ 

screw extruder. Samples V3 and V4 included calcium carbonate filler. Physical 
properties were tested and the results lecoitied in Tables 7 and 8. 



Satnple 
U2 



U3 



U4 



_V2 
V3 



MI @ 190*^ 



21601 



2.7 



1.9 



1.2 



1.7 
1.4 



@21.6 



256 



188 
133 



152 
120 



Table? 

Shore Hardness 
(Osec/15 sec) 



83i74 
88/82 



87/83 
85/78 



56/28 
63/34 



64/39 
59/29 



San^le 
U 



690 



690 



690 



CompoDent (pph) 



SaiE^>le 
V 



660 



PX 
6823 



30 



30 



30 



60 



IRG 



1.0 



1.0 



1.0 



1.0 
1.0 



CaCOs 



200 



400 



0 

200 



20 



y4 

PX 6823 is 



89/84 



64/37 



0-9 I 97 I 90/86 I 6mn 
Profex® 6823 (po}ypmpy]eM of MI = 0.2). 



660 



660 



60 



60 
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r 


rableS 


San^le 


Tnitial 

Modulus (psi) 


Tensile Streng& 
@Max(psi) 


Bongation @ 
Max(%) 


Tensile 
Stcengih© 
Break OpsO 


Elongation @ 
Bieak(%) 


U2 


1412 


4518 


287 


4513 


288 


U3' 


2255 0495) 


2569(3218) 


162(234) 


2501 (3216) 


164(234) 


U4' 


4308(2557). 


1894(2308) 


65(154) 


1624(2292) 


69 (157) 


V2 


2446 


4281 


284 


4275 


284 


V3 


3544 


2744 


152 


2733 


155 


V4 


3553 


2412 


132 


2369 


135 



R ftTnp lftg geared imdennixed and mre le-extruded to give the vahies sbowa in paieaQieses. 



Examples 54 -56 

5 Samples X through Z were prq>aied having the con^ositions shown in 

Table 9. The Samples were prepared using a Haake mixer. PVB, polypropylene 
CProfiK®), and Fusabond P with Irgonox 1010 ware mixed at 200*^0 until a 
homogeneous melt blend was obtained. The melt was removed and cooled 
quickly in dry ice. Samples X and Z included calcium carbonate filler. The 

10 mixtures were dried in a vacuum oven at ambient temperature. Physical properties 
were tested and the results recorded in Tables 9 and 10. 



Table 9 





MI@190°C 


Shore Hardness 
(0 sec/15 sec) 


Component (i 


PPh) 


Sample 


@ 
2160 g 


@21.6 
kg 


A 


D 


PVB 


F-P 


PX6723 


IRG 


CaCOa 


X 


2.6 


238 


82/73 


48/26 


600 


20 


100 


1.0 


0 


Y 


2.1 


216 


79/70 


58/32 


600 


20 


100 


1.0 


200 


Z 


13 


179 


91/88 


70/42 


600 


20 


100 


1.0 


400 



PX 6723 is Fra&xOD 6723 0>olypropylene of MI « 03 . 



r 


^able 10 


San^le 


Initial/Flex 
Modulus (psi) 


Tensile Strength 
@ Max (psi) 


Elongation @ 
Max(%) 


Tensile 
Slrengfli @ 
Break (psi) 


Elongation @ 
Break (%) 


X 


1404/1048 


3584 


279 


3580 


279 


Y 


1577/1341 


3019 


242 


2992 


242 


Z 


2678/2749 


2479 


203 


2477 


203 



Exaiiq)les 57-64 

20 Samples NYI -NY4 andNUl -NU4 were prepared having the 

compositions shown in Table 1 1. The Samples were prepared using a Haake 
mixer. For Nylon blends, PVB, Nylon 6, and Irgonox 1010 were mixed at 230**C 
until a homogeneous melt blend was obtained. For Nucrel® blends PVB, 
Nuoel® and Lrganox 1010 were mixed at 210°C. Each melt was removed and 
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10 



15 



cooled qaiddy in diy ice. The mixtures were dried in a vacuum oven at ambient 
temperature. The Cantrol is unhleoded, immodified PVB sheet from recycled 
edge trim. The melt mdex of eadi sample was measured at 190°C, 2160 grams, 
and reported for each in Table 11. Shore A and D for each is reported in Table 
11. Adhesion was tested as described hereinabove and the results are reported in 
Table 12. 

Examples 57A - STB 

Samples NY5 - NY9 were prepared having the compositions shown in 
Table 1 1 A The Samples were prepared using a Haake mixer. PVB, Nylon 6, 
amorphous nylon (Selar 3426) and Irgonox 1 010 were mixed at 230°C until a 
homogeneous meh blend was obtained. Njdon 6 was added fia- additional 
crystaUinity. Each melt was removed and cooled quicldy in dry ice. Thenuxtures 
wae dried in a vacuum oven at ambient temtperatoe. The Control is unblaoded, 
unmodified PVB sheet &om necycsled edge trim. The melt index of each sample 
was measured at 190»C, 2160 grams, and reported for each m Table llA. Shore 
AandDforeachisrq)ortedinTablellA. Adhesion was tested as desraibed 
hereinabove and tiie results are reported in Table 12A 







Shore Hardness 
(0 sec/15 sec) 


Component foohl 




Melt 
Index 


A 


D 


PVB 


Capron® 
8202 


Nucreld) 
0407" 


Irganoxi) 
1010 


NYl 


3.9 


67/52 


48/16 


100 


5.0 


0 


0.1 


NY2 


3.1 


68/56 


46/19 


100 


10 


0 


0.1 


NY3 


2.1 


71/61 


53/23 


100 


20 


0 


0.1 


NY4 


1.0 


76/70 


58/30 


100 


40 


0 


0.1 


NUl 


4.8 


68/53 


46/15 


100 


0 


5.0 


0.1 


NU2 


4.1 


68/55 


48/17 


100 


0 


10 


0.1 


NU3 


4.8 


75/62 


47/18 


100 


0 


20 


0.1 


NU4 


8.6 


76/67 


45/21 


100 


0 


40 


0.1 


Control® 
^ot an exam 


3.1 
D}eof tfaeiiics 


72/56 

mtinventian. 


5m6 

Tvnicfll vnliii 


100 


0 


0 


0 



20 



4% mefiiaco^ic add. MI « 7. 
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Table llA 







Shore Hardness 
(0 sec/15 sec) 


ConQX>nent (pph) 




Meh 
Index 


A 


D 


PVB 


Nylon 6 
(Capion 
8202) 


Selar 
3426* 


Iiganox® 
1010 


NYS 


3S 


73/61 


49/20 


100 


5.0 


5.0 


0.2 


Ny6 


2.7 


69/61 


48/23 


100 


10 


5.0 


0.2 


NY7 


2.5 


76/65 


51/24 


100 


15 


5.0 


0.2 


NYS 


3.1 


74/63 


51/23 


100 


5.0 


10 


02 


NY9 


3.5 


79/71 


56/25 


100 


10 


10 


02 


CcmtioF 


3.1 


72/56 


51/16 


100 


0 


0 


0 



* Annrpboiis nylon bnring cariXKytic add fiindbmaB^^ 

5 



Table 12 





Adhesion afler treatnaent @ 
Tempeiatare (°C) 


Separation afier treatment @ 
Tempcratiire f °C) 


Sample 


23 


38 


44 


23 


38 


44 


NYl 


m 


m 


St 


yes 


yes 


X 


NY2 


m 


m 


St 


yes 


yes 


yes+ 


NY3 


si 


m 


St 


easily 


yes 


yes+ 


NY4 


none 


m 


St 


easily 


yes 


ye^ 


NUl 


si 


St 


St 


easily 


yes4- 


yes+ 


NU2 


si 


m 


St 


easily 


yes 


yes+ 


NU3 


si 


si 


Sl 


easfly 


easily 


easily 


NU4 


none 


TinTie 


none 


easily 


easily 


easily 


Contiol® 


St 






X 







none e no adhesion; d "slt^t adhesion; m« medium adhestGn; st" strong adhesion 
10 e8s{]y" easily separated; yes- separated wift slight effoityeff^ 



•able 12A 





Adhesion after treatment @ 
Temperature (""Q 


Separation after treatmi^t @ 
Temperature (°Q 


Sample 


23 


38 


44 


23 


38 


44 


NYS 


sl 


m 


m 


easily 


yes 


yes 


NY6 


sl 


sl 


m 


easily 


easily 


yes 


NY7 


sl 


sl 


sl 


easily 


easily 


easily 


NY8 


m 


m 


m 


yes 


yes 


yes 


NY9 


sl 


m 


St 


easily 


yes 


yes+ 


Control® 


St 






X 







^ot an example of the present invention. ^ 
1 5 none - no adhesion; sl » slight adhesion; m « medium adhesion; st strong adhesion 

easily « easily sqparated; yes B separated witti slig^ effort; yes+B separated wifli force; did not separate 

Examples 65 -74 

Saioples PPGl fluough PPG8 were piq)aied having the compositions 
20 shown in Table 13. Tie Samples were pi^ared using a 30 mm twin screw 
extruder. PVB pellets Modifier G), polypropyleae (Piofax®) and Fusabond® 
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peUet blend were extrusion compounded at 230°C. The melt was quenched in 
water and peDetized. Saiiq>les PPG7 and PPG8 included calcium carbonate as 
filler. The peHetswCTe dried in a vacuum oven at ambient tenipCTature. Physical 
properties were tested and the results recorded in Tables 13 and 14. Samples 
5 PPG9 and PPGl 0 were obtained by re-mixing san^les PPGl and PPG2, 
req)ectively, with an additional 10 parts of Fusabond® in the batdi mixer. 



Table 13 





MI@ 


IIPO'^C 




Component (xmh) 


Sanple 


@ 

2160 g 


@21.6 

leg 


Hardness 
(0 sec /15 sec) 


Modifier G- 


F-P'' 


pp* 


CaCOa 


PPGl 


0.8 


103 


76/57 


70 


0 


100 


0 


PPG2 


12 


167 


70/52 


120 


0 


100 


0 


PPG3 


0.6 


89 


63/42 


220 


0 


100 


0 


PPG4 


0.1 


26 


65/46 


220 


10 


100 


0 


PPG5 


1.4 


160 


55/33 


420 


0 


100 


0 


PPG6 


2.3 


190 


54/31 


620 


0 


100 


0 


PPG7 


1.6 


184 


60/38 


620 


0 


100 


200 


PPG8 


1.0 


129 


64/42 


620 


0 


100 


400 


PPG9 


0.3 


40 


74/56 


70 


10 


100 


0 


PPGIO 

"Modifier r 


0.3 


58 


70/52 


120 


10 


100 


0 



is polypnqxylene Fra&xA 6S23. MX ° 0.2. 



Table 14 



15 



Sample 


Modnlns ^si) 


Tensile 
Strengdi @ 
MaxfpsO 


Elongation @ 
Max{%) 


Tensile 
Strength® 
Break (psi) 


Elongation 
©Break 
(%) 


PPGl 


49639 


3548 


24 


3240 


185 


PPG2 


37440 


3718 


187 


3088 


200 


PPG3 


13297 


5049 


284 


5041 


284 


PPG4 


26476 


5188 


278 


5183 


278 


PPG5 


2568 


4651 


296 


4644 


296 


PPG6 


2106 


4276 


268 


4272 


268 


PPG7 


4246 


2203 


111 


2195 


115 


PPG8 


5400 


2319 


110 


2315 


113 


PPG9 


50790 


4443 


229 


4428 


232 


PPGIO 


39080 


3922 


181 


3915 


177 



Examples 75- 78 

Samples MGl, MG2, MEl , and ME2 were prepared having the 
compositions shown in Table 15. The Samples were prepared using a Haake 
mixer. PVB peDets, polypropylene (Profax®), and Fusabond® (with Irgonox 
20 1010) were mixed at 200°C until a homogeneous melt blend was obtained. The 
melt was removed and cooled quickly in dry ice. Samples MG2 and ME2 
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included calcium carbonate filler. The mixtures were dried in a vacuum oven at 
ambient temperature. Physical properties were tested and the results recorded in 
Tables IS and 16. 

Table 15 





Shore Hardness 
(Osec /1 5 sec) 


C6inponeiit (pph) 


Sample 


MI@190°C 
@2160g 


A 


D 


Sanq>leK 


Sanple 
K2 


ppi 


IRG 


CaCOa 


MGl 


4.9 


74/65 


55/24 


690 


0 


30 


1.0 


0 


MEl 


4.0 


80/71 


50/25 


0 


690 


30 


1.0 


0 


MG2 


5.1 


86/80 


61/35 


690 


0 


30 


1.0 


400 


ME2 


4.4 


87/79 


58/35 


0 


690 


30 


1.0 


400 



PP is po1>pTopfylene Pio&xt^ 



Table 16 



Sanple 


Internal 
Modn]us(psi) 


Tensile 
Strengdi @ 
Max(psi) 


Elongation 
@Max(%) 


Tensile 
Strength® 
Break (psi) 


Elongation 
@ Break 
(%) 


MGl 


792 


3126 


287 


3120 


287 


MEl 


672 


3131 


282 


3123 


282 


MG2 


1493 


1685 


139 


1628 


146 


M£2 


1562 


1727 


167 


1714 


169 



10 Examples 79 -85 

Samples PVCl through PVC7 were prepared having the OQmpositions shown in 
Table 17. The Samples were prepared using a Haake batdi mixer. Modifier H . 
(Sample W above), polyvinylchloride, and, optionally, Fusabond® were mixed at 
200*^6 until a homogeneous melt blend was obtained. Hie melt was removed and 

15 cooled quickly in diy ice. Sample PyC7 included calcium carbonate. The blends 
were dried in a vacuum oven at ambient temperature. Physical properties were 
tested and the results recorded in Tables 17 and 18. 



Table 17 





MI@190''C 
@21.6]a 




Component (pph) 


Saiiq>le 




Shore D Hsrdness 
(Osec/15 sec) 


Modifier 




PVC 


CaCOs 


PVCl 


10 


74/62 


58 


0 


100 


0 


PVC2 


13 


75/60 


58 


2.5 


100 


0 


PVC3 


10 


75/61 


58 


5 


100 


0 


PVC4 


26 


63/42 


220 


0 


100 


0 


PVC5 


31 


57/35 


420 


0 


100 


0 


PVC6 


28 


55/31 


620 


0 


100 


0 


PVC7 


13 


60/38 


620 


0 


100 


400 



20 "Modifier H is San^le W, hereinabove. 
is Fusabond® A. 

*FVC is polyvinylchlQride (1 00 parts Vista 5305, 4 parts Mailc 1900» Ipart Seenox 4125, 1 part 1098 stabiKzers 
and 3 parts wax E lubricant) 
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Table 18 



Sample 


Tensile Strength 
@Maxfpsi) 


Elongation© 
Maxf%) 


Tmsile Strength 
@ Break (psi) 


Elongation @ 
Break f%) 


PVCl 


4377 


152 


4139 


154 


PVC2 


4902 


185 


4598 


188 


PVC3 


4510 


188 


4509 


188 


PVC4 


4096 


239 


4090 


238 


PVC5 


3990 


251 


3982 


251 


PVC6 


4005 


268 


3996 


268 


PVC7 


2489 


209 


2486 


209 



10 



15 



E3can5)les79A-79D 

PeDets of Modifier H and PVC powder were continuoiisly fed to a 30 mm Buss 
Kneader and melt con^nnded at 200-C, strand quoiched and pelletized in a 
continuous manner. Physical properties of injection molded parts were measured 
and recorded in Table 17A and 1 8A. 

Table 17A 





MI @ 190°C 
@21.6kg 
(@2.16kEl 




Coznponent (pph) 


Sao^le 




Shore D Hardness 
(0sec/15sec) 


Modifier IP 


PVC 


Atondte 
Whiting 


PVC8 


23 fO.2) 


65/42 


220 


105 


0 


PVC9 


18 (0.1) 


56/32 


420 


105 


0 


PVCIO 


50(0.5) 


55/32 


620 


105 


0 


PVCll 

"Modifier F 


45 (0.4) 


62/40 


620 


105 


400 



Saniple 



pvc:8 

PVC9 



PVCIO 



Tensile Strength 
@ 

Max/Break/Yield 
2827/2751/727 



2682/2044/535 



2641/2446/309 
PVCin 1817/1721/412 
h/B" plaipies, MB ]S>320. 



Table 18A 



Elongation @ 
Max/Break/Yield 
(%) 



180/188/8 



213/249/9 



270/283/9 



134/183/7 



Plexural 
Modulus 



17077 



8262 



3096 



7272 



Not Izod 
(ft-Ibs/in) 



MB 



MB 



MB 



NB 



Gardner Intact' 

(in.-Ibs.) 
@23*»C(-30"C) 



NB (24) 



NB(30) 



NB(22) 



NB(16) 



20 



Examples 86-91 

111 these exaniples, the componeats were contmuously fed into a 30 mm 
twin-screw extruder and melt compounded at 240^C, quenched and pelletized 



ma 
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contumous process. Physical properties were tested on injection molded parts and 
Hie results recorded in Tables 19 and 20. 



Table 19 



10 



15 





Component (i 


pph) 


Not Izod 
(ft-Ibsyin) 


MI@230°C 
@2160g 


Shore D Hardness 
(0 sec /15 sec) 


Modifier G- 


Ny* 


NYGl 


0 


100 




1.1- 


29 


84/73 


NYG2 


5 


95 


l.V 


IJ^ 


27 


83/72 


NYQ3 


10 


90 


13' 


1.8- 


24 


80/70 


NyG4 


20 


80 


1.9" 


2.4- 


20 


77/68 


NYG5 


30 


70 


2.6* 


2.8- 


15 


78/66 


NYOe 


40 


60 


3.V 


3.7- 


16 


77/65 



'Samples include 0.1 pph Irganox® 1010 

'Modifier G is Sample U, hereinabove. 

'^lon 6 (Capron 8202). 

'Gate. 

-Far. 



Table 20 



Sample 


Tensile Strength 
@ 

Max/Break/Yield 


Elongation @ 
Max/Break/Yield 

e^) 


Flexural 
Moduhzs 
G>si) 


Gardner hipact' 

(iiL-Ibs.) 
@23'»C(-30*»Q 


NYGl 


9097/5692/9069 


11/119/11 


175929 


256(124) 


NYG2 


8121/6155/8110 


10/185/11 


158759 


280 060) 


NyG3 


9002/8901/7370 


291/299/11 


157952 


NB7152) 


NYG4 


7830/7783/5804 


270/272/16 


136746 


NBa44) 


NYG5 


7164/7059/5021 


248/249/33 


119748 


NB(148) 


NyG6 


6740/6734/4634 


256/257/41 


83800 


NB(168) 



'1/8" plaques, NBIS>320. 
"NB is '"no break". 

Exaii5)les 92 - 97 

In these examples, the pellet components were continuously fed into a 30 
mm twin-screw extruder and melt confounded at 240^C, quenched and pelledzed 
in a continuous process. Physical properties w^ tested on injection molded 
parts, and the results recorded in Tables 21 and 22. 



Table 21 



Saix;>le' 


Component ( 


pph 


Not Izod 
(ft-Ibsyin) 


MI@230°C 
@2160g 


Shore D Hardness 
(0 sec /15 sec) 


Modifiers 


Ny^ 


NYHl 


0 


100 


1.6* 


1.5- 


28 


79/70 


NYH2 


5 


95 


1.9'^ 


2.8- 


26 


81/71 


NYH3 


10 


90 


2.0^ 


2.9- 


26 


82/71 


NYH4 


20 


80 


2.9' 


6.0- 


17 


79/69 


NYH5 


30 


70 


4.1' 


13- 


17 


77/67 


NYH6 


40 


60 


NB* 


NB 


16 


75/62 



20 "^Samples include 0.1 pph Irganox® 1010 
"Modifier H is Sample W, hereinabove, 
^ylon 6 (Capron 8202). 

is "no break". 
*Qate. 

25 -Far. 
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Table 22 



San^le 


Tensile Strength 
@ 

Max/Bieal^ield 
fosO 


Elongation @ 
Max/Break/^ield 
(%) 


Flejcmal 
Modalas(psQ 


Gardner Tmpart* 

(in.-Ibs.) 
@23°C(.30'^C) 


NYHl 


9139/6290/9125 


11/160/11 


171118 




NYH2 


10133/10064/7948 


315/316/10 


166320 


MB 06D) 


NYTO 


9780/9699/7777 


302/310/10 


170931 


NB f 170) 


NYH4 


7914/7867/5717 


271/273/9 


129558 


MB f200) 


NYH5 


7721/7635/5540 


262/264/9 


117750 


NB (172) 


NYH6 


6353/6335/4383 
BR. 'MR r<099n 


245/245/43 


83500 


NB(NB) 



M tbe above Examples, Initial Modulus, Tensile strength, and Elongation 
were deteimined by ASTM D-1 708; Hexuial Modulus was detennined by ASTM 
D-790; Melt index was detennined by ASTM D-1238; Shore A Hardness and 

10 Shore D Hardness were detennined by ASTM D-2240;IZOD was deteimined by 
ASTMD-256. 
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CLAIMS : 

1 . A non-blocking chemically modified polyvm>4biityral 
(PVB) compositicm compiising a chemically modified PVB, wherein the 
modified PVB is the reaction product of munodified polyvinylbutyral, 

S having hydroxyl fimctionality, and a second component or mixture, 

wherein the second component reacts with at least a portion of &e 
hydroxyl fimctionality of the PVB. 

2. The PVB composition of Claim I, wherein the PVB 
composition does not block at a temperature in the range of fiom above 

10 about 4°C to below about 75°C. 

3. The PVB composition of Claim 2 wherein the PVB 
composition does not block at a temperature in the range of &om above 
about 4°C to below about 60°C. 

4. The PVB composition of Claim 3 wherein the PVB 

1 5 con3position does not block at a temperature in the range of fiom above 

about 4*'C to below about 50°C. 

5. The PVB composition ofClaiml wherein the second 
component is a polymer having fimctional groups selected fix>m the groiq> 
consisting of: anhydrides, caiboxylic acids, carboxylic add esters, or 

20 mixtures of any of these. 

6. The con^osition of any of Claims 1-5 wherein the pellets 
include at least one other thennoplastic polymer selected fix>m the group 
consisting of: polyvinylchloride; nylon; polypropylene; polyethjdene; 
olefinic copolymers; like polymers or mixtures thereof. 

25 7, A process fi)r converting polyvinylbutyral into pellet form, 

wherein the pellets do not adhere to one ano&er in such a manner that they 
become blocked, the process comprising the steps: (i) mixing 
polyvinylbutyral and a second component or mixture under conditions 
suitable to cause a reaction between PVB and at least one other component 

30 to obtain a chemically modified PVB composition, wherein the other 

component is reactive with hydroxyl fimctionality; and (ii) converting the 
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modified PVB compositian into peDet fonn by physical or mechanical 
means at a teDq>erataie of above about 4°C. 

8. The process of Claim 7 wherein the pellets are obtained by 
a continuous process. 

9. A continuous process for obtaining blends of modified PVB 
with a thennoplastic polymer con5)rising the step: continuously mixing a 
modified PVB composition wifli a theimoplastic polymer composition. 

10. The process of Claim 9 wherem the themioplastic polymer 
is selected from the group consisting of: polypropyleaie; polyvinyl 
chloride; nylon, and olefinic copolymere. 

11. An article comprising the composition of either of Claims 1 

or 6. 
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